Damoiseaux RAMJ, Rovers MM, Van Balen FAM, Hoes AW and de Melker RA. Long-term prognosis of acute otitis media in infancy: determinants of recurrent acute otitis media and persistent middle ear effusion. Family Practice 2006; 23: 40-45. Objectives. Children under 2 years of age with acute otitis media are known to have a relatively poor prognosis. The objective of this study was to assess whether known determinants for recurrent acute otitis media and persistent middle ear effusion after an episode of acute otitis media during childhood also apply to children under 2 years.
Introduction
Acute otitis media is one of the most common diseases in infants and children. After an uncomplicated episode of acute otitis media, a child can face two problems, recurrent acute otitis media or persistent middle ear effusion. Children under 2 are at increased risk of recurrent acute otitis media [1] [2] [3] and persistent middle ear effusion after an episode of acute otitis media. [4] [5] [6] Known determinants of recurrence after an episode of acute otitis media include, apart from young age, male sex, sibling history of recurrent acute otitis media, not being breastfed, primary clinical treatment failure, bilateral disease, passive smoking, day care, season, history of recurrent acute otitis media. 1, 3, [7] [8] [9] [10] [11] Determinants for persistent middle ear effusion after acute otitis media include season, bilateral disease, type B tympanogram at diagnosis of acute otitis media and history of recurrent acute otitis media. 5, 6, [12] [13] [14] Most studies on determinants for recurrent acute otitis media or persistent middle ear effusion after an episode of acute otitis media were carried out in children up to 12 years. Studies identifying prognostic factors in the high-risk group of children under age 2 are scarce. In this prospective study we examined determinants for persistent middle ear effusion or recurrent acute otitis media in the children under 2 years.
Methods

Patients
The study was conducted between February 1996 and December 1998 in The Netherlands, within the framework of a placebo controlled, double blind, randomised clinical trial studying the effect of amoxicillin for acute otitis media. 15 Children aged between 6 and 24 months were eligible if they presented with acute otitis media at the office of their family doctor. Diagnosis was based on otoscopy (red eardrum, bulging or otorrhea) and presence of acute signs of infection (fever, pain, irritability), according to the guidelines of the Dutch College of General Practitioners. Children with a known immunological disorder, craniofacial abnormality, or Down's syndrome were excluded from this study. The ethical committee of the Children's Hospital of the University Medical Center Utrecht approved the protocol, and all parents of the children gave written informed consent before enrolment.
Follow up
At entry the doctor recorded the medical history, the presence or absence of known determinants for otitis media, and the results of otoscopy. During the 10 days of treatment (amoxicillin or placebo) the child was seen twice at the doctor's office. Inquiry was made about remaining symptoms and the ear drum was examined. The first author (RD) visited all included children at home at 6 weeks and, when the child had unilateral or bilateral effusion at 6 weeks, again at 3 months after their episode of acute otitis media. At 6 months all children with effusion (uni-or bilateral) at 3 months were visited at home and otoscopy and tympanometry were repeated. At six months the parents of all other children were contacted by telephone and were asked whether the child had suffered from another episode of acute otitis media and whether this diagnosis was verified by their family doctor.
Outcome criteria
Two prognostic outcomes were distinguished: recurrent acute otitis media and persistent middle ear effusion. Recurrent acute otitis media was defined as at least one episode of acute otitis media within 6 months of their initial acute otitis media episode. Persistent middle ear effusion was defined as uni-or bilateral middle ear effusion at all follow-up visits at 6 weeks, 3 months and 6 months. Middle ear effusion was diagnosed by tympanometry. Type B and C2 tympanograms (modified Jerger's classification) were regarded as indicative of the presence of fluid in the middle ear. 16 The positive predictive value of this combination, lies between 50 and 99 per cent, also in children aged 6 to 24 months. 17, 18 Children who had undergone an ENT operation (tympanostomy tubes, adenoidectomy) during the six months follow-up because of persistent MEE or recurrent acute otitis media, were considered to have persistent middle ear effusion. When tympanometry was unsuccessful (in both ears) because of a lack of co-operation by a child, the subjects were excluded from the persistent middle ear effusion analysis.
Statistical methods
The following prognostic parameters were considered: age and sex, history of at least one previous episode of acute otitis media, day-care attendance (care for at least 5 children, not from the same family, during at least one day of the week), history of recurrent upper respiratory tract infections (6 or more episodes during the previous 12 months), allergy, number of siblings (>2 versus <2), siblings with recurrent acute otitis media (3 or more episodes during one year), smoking in the household, season, breastfeeding (>6 months), bilateral disease, duration of symptoms of presentation of acute otitis media (>10 days versus <10), treatment at entry. The associations between each of these factors and the outcome measures (recurrent acute otitis media, persistent middle ear effusion) were determined by applying univariate logistic regression analysis, using SPSS 11.0. Analyses were performed separately for the two outcome parameters. Results were expressed as odds ratio (OR) with 95% confidence interval (CI).
Predictors that were univariately associated with the outcome (P < 0.10) were included in multivariate logistic regression analyses. The predictive accuracy of the models was estimated by their reliability (goodnessof-fit) using Hosmer-Lemeshow statistics, which evaluate the correspondence between a model's predicted probabilities and the observed frequencies over groups spanning the entire range of probabilities. 19 The discriminating ability of these prognostic functions was assessed by using receiver operating characteristics (ROC) analysis. The ROC curve is a plot of the true positive rate (sensitivity) versus the false positive rate (1 -specificity) evaluated at consecutive cut-off points of the predicted probability. The area under the ROC curve (AUC) provides a quantitative summary of the discriminative ability of a predictive model. A useless predictive model, such as a coin flip, would yield an AUC of 0.5. When the AUC is 1.0, the model discriminates perfectly between those with and without developing a prognostic outcome. 21 In our analyses a value over 0.8 was considered as good with respect to discriminative ability.
To obtain an easily applicable prediction rule, the adjusted regression coefficients of the model were multiplied by a factor 10 and rounded to the nearest integer. Scores for each individual patient were obtained by assigning points for each variable and adding the results. Patients were classified according to their risk score. To simplify the interpretation of the model, various cut-off points were chosen to show the number of children developing or not developing recurrent acute otitis media and persistent middle ear effusion, and corresponding sensitivity, specificity, positive and negative predictive values were calculated.
Results
In total 240 patients were enrolled in the trial, 15 had an initial treatment failure during the first 10 days, i.e. they received another antibiotic, and were not followed further. 16 Another 15 were lost to follow-up, mainly due to possible side effects or because the children had been withdrawn from the study. Thus, 210 children were included in our prognostic study. Characteristics of these children are shown in Table 1 . The baseline characteristics of the 30 excluded children did not differ from those of the participating children. Valid tympanograms on all occasions were obtained from 190 children, and their baseline characteristics were similar to those of the total group (Table 1) .
Clinical outcome Recurrent acute otitis media (n = 210). One hundred and five (50 per cent) children developed at least one recurrent episode of acute otitis media within 6 months. Eighty per cent of all episodes reported by the parents were confirmed by their family doctor; the remainder were not seen by a doctor. In both the univariate and multivariate analyses recurrent acute otitis media was seen more often in boys (adjusted OR 1.8; 95% CI 1.0-3.3), children included in wintertime (October-March) (adjusted OR 2.4; 95% CI 1.3-4.4), and children with symptoms lasting longer than 10 days after enrolment (adjusted OR 2.3; 95% CI 1.2-4.1). Smoking in the household was associated with a lower risk of recurrence of acute otitis media (adjusted OR 0.5; 95% CI 0.3-0.9) (Tables 2 and 3 ). The items season, sex, passive smoking and persistent symptoms were included in the prognostic rule. The goodness-of-fit test indicated an acceptable fit of the prognostic model (P = 0.91). The AUC was 0.69; 95% CI 0.62-0.76.
Using the regression coefficients of the final predictive model, the probability of developing recurrent acute otitis media can be estimated for each child using the formula given in Table 3 (legend). For example, a boy (6 points), whose parents do not smoke (0 points), visiting a GP in the winter (9 points) with persistent symptoms (8 points), has a total score of -9 + 6 + 0 + 9 + 8 = 14 points, corresponding with a probability of recurrent acute otitis media of 67%. Table 5 shows the number of children in the cohort with and without recurrent acute otitis media across different categories of the risk score. For all score thresholds, the number of false-positive (those identified at high risk of developing the prognostic outcome, while the outcome did not occur) and/or false-negatives (those identified at low risk of developing the prognostic outcome, while in fact the outcome did occur) was too high to be of value in clinical practice. Persistent middle ear effusion (n = 190). At 3 months 90 (47 per cent), and at 6 months 66 (35 per cent) children had persistent middle ear effusion. Twentysix of the latter had an ENT operation during those 6 months. Persistent middle ear effusion at 6 months was seen more often in children enrolled in winter (adjusted OR 2.0; 95% CI 0.9-4.6), in those who presented with bilateral acute otitis media (adjusted OR 2.0; 95% CI 0.9-4.3), those with a history of a sibling with recurrent acute otitis media (adjusted OR 2.0; 95% CI 0.9-4.6), and in those who had had acute otitis media before (adjusted OR 2.1; 95% CI 0.9-4.3) (Tables 2 and 4) .
The factors season, bilateral disease, sibling with recurrent acute otitis media, and a previous acute otitis media episode were included in the prognostic rule. The goodness-of-fit test indicated an acceptable fit of the prognostic model (P = 0.26) and the AUC was 0.69; 95% CI 0.60-0.79.
The probability of developing persistent MEE can be estimated for each child using the formula in Table 4 (legend), and the number of children in the cohort with and without persistent MEE across different categories Score = -18 + (7 · winter season) + (7 · bilateral acute otitis media) + (7 · positive family history acute otitis media) + (7 · previous acute otitis media). AOM = acute otitis media. Long-term prognosis of acute otitis media of the risk score are shown in Table 6 . Again, the number of false-positive and/or false-negatives was too high to be of value in clinical practice.
Discussion
Among children under 2 years of age with acute otitis media, determinants for recurrence of acute otitis media within 6 months include: winter season, persisting symptoms (>10 days) of the entry episode, and being male. Winter season, bilateral disease at entry, a sibling with recurrent acute otitis media, and a previous acute otitis media episode were independent predictors for persistent middle ear effusion at 6 months in these children. The performance of a prognostic model including these parameters in terms of the occurrence of recurrent acute otitis media or persistent middle ear effusion was rather poor (AUC <0.70), and it was not possible to find a threshold in the risk score that classified the children satisfactorily. For each arbitrary threshold too many children were misclassified to be of any clinical use. Fifty per cent of the children in our study had at least one recurrence of acute otitis media within 6 months. This rate of recurrent acute otitis media after a previous episode of acute otitis media is in agreement with earlier studies. 11, 13, 20, 21 Season and sex were also identified as determinants for recurrent acute otitis media in studies in children of all ages. 1, 3, 9, 11, 12 Jero et al. reported that primary clinical failure, defined as no improvement or worsening at 2 weeks, was a potential risk factor for recurrence of acute otitis media in the univariate analysis, but not the multivariate analysis. 11 We also found that persistent symptoms, defined as lasting longer than 10 days after entry, were a determinant for recurrent acute otitis media in the multivariate analysis. Smoking was associated with a lower risk for recurrent acute otitis media in our study, contrary to the often accepted idea that passive inhalation of smoke can cause ear disease. Empirical evidence for the latter is, however, scarce. 22 A paper by Stathis et al. 23 also reported a lower risk of acute ear infections associated with passive smoking during early life. They even suggested a biological explanation, i.e. cigarette exposure may lead to histological changes in the epithelium of the middle ear and Eustachian tube. The finding may also be attributable to lower reporting rates of acute otitis media by parents who smoke.
Most studies on the occurrence of persistent middle ear effusion after an episode of acute otitis media in children under 2 included only a short followup period of 3 months or even less. Persistent middle ear effusion at 3 months was found in 47 per cent of the children in our study. Shurin et al. found persistent middle ear effusion at 3 months in 55 per cent of children aged under 2. 4 Iino et al. found this condition in 50 per cent in this age group. 5 Studies with older children reported a 0 to 10 per cent persistent middle ear effusion incidence at 6 months post acute otitis media. 5, 12, 24 Bilateral disease, a history of acute otitis media and season were previously identified as determinants for persistent middle ear effusion. 5, 6, [12] [13] [14] in studies including children from roughly 6 months to about 12 years. Our finding that a positive sibling history of recurrent acute otitis media increases the risk for persistent middle ear effusion after an episode of acute otitis media has, to out knowledge, not been reported before.
This study has a number of potential limitations. Recurrent acute otitis media was based on parental reports, and although 80 per cent of all episodes were confirmed by a doctor, 20 per cent was, thus, based on parental report only. A previous study showed that parents can report fairly accurately whether their child suffers from acute otitis media. 25 Thus, the dilution of the risk estimates this may have caused is likely to be quite limited. Besides, restriction of the outcome definition to those with a physician-confirmed diagnosis yielded similar results. Diagnosis of middle ear effusion was based on tympanometry only, and therefore some children (about 10 percent) had to be excluded from the analysis because we could not obtain a valid tympanogram at every occasion. However, comparison of baseline characteristics of the remaining children with those of the total group, did not reveal relevant differences (Table 1 ) and any bias resulting from this exclusion would be modest. Furthermore almost 50% of the children with persistent middle ear effusion had undergone an ENT operation. We performed a sensitivity analysis excluding these children and the results were similar (data not shown). Treatment of the initial acute otitis media episode with amoxicillin did not influence the development of recurrent acute otitis media of persistent middle ear effusion. Our study showed that some of the known indicators of recurrent acute otitis media or persistent middle ear effusion for childhood population at large with an acute otitis media, also determine prognosis in children aged under 2, a group with an established relatively poor prognosis.
A child without any of the items included in de prognostic function has a probability of developing recurrent acute otitis media of 25%. If the child has all 4 factors, this probability increases to 70%. These figures are 25% and 60% respectively for the outcome persistent middle ear effusion. Prediction of recurrent acute otitis media or persistent middle ear effusion in individual young children, on the basis of these determinants, as indicated by the area under the curve of the prognostic function, as well as by the sensitivity, specificity, positive and negative predictive values of different cut off points of the scoring formula remains, however, poor.
